NAVAL  MEDICAL  RESEARCH  INSTITUTE 

BETHESDA,  MARYLAND 


-J.  Vorosmarti,  CAPT,  MC,  USN 

Commanding  Officer 
Naval  Medical  Research  Inwtiiute 

NAVAL  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 


/ 


Best 

Available 

Copy 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  TmiS  page  'When  Dare  Entered) 


REPORT  DOCUMENTATION  PAGE 


;z.  GOVT  ACCESSION  NO. 

Apt  A 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1  REPORT  NUMBER 


8U72 


3.  RECIPIENT'S  CATALOG  NUMBER 


4  TITLE  'and  SubtN(e) 


5-  TYPE  OF  REPORT  ft  PERIOO  COVERED 


PLASMA  ATTENUATION  OF  ENDOTOXIN  TOXICITY  IN 
IRRADIATED  AND  TUMOR-BEARING  MICE 


6.  PERFORMING  ORG.  REPORT  NUMBER 


7  authors; 


B.  CONTRACT  OR  GRANT  NUMBER'*; 


R.I.  Walker,  K.  DeMarco,  G.D.  Ledney  and 
E.D.  Exum 


9  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Naval  Medical  Research  Institute 
Bethesda,  Maryland  20814 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  6  WORK  UNIT  NUMBERS 


MF58. 524. 013. 1030 
Report  No.  5 


II,  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Medical  Research  and  Development  Command 
Bethesda,  Maryland  20814 


1Z.  REPORT  DATE 

July  1981 


13  number  of  pages 


5  (five) 


14  MONITORING  AGENCY  NAME  ft  ADDRESSf//  dllferent  tror-  Controlling  Of/ice) 

Bureau  of  Medicine  and  Surgery 
Department  of  the  Navy 
Washington,  D.C.  20372 


15  SECURITY  CLASS,  (ot  thia  report; 

UNCLASSIFIED 


15a  DECLASSIFICATION  DOWNGRADING 
SCHEDULE 


16.  Distribution  statement  'of  this  Report) 


APPROVED  FOR  PUBLIC  RELEASE  AND  SALE;  DISTRIBUTION  UNLIMITED 


17.  DISTRIBUTION  STATEMENT  ( oi  the  abstract  entered  In  Block  20,  If  different  from  Report) 


18.  SUPPLEMENTARY  NOTES 


Published  in  Toxicon  Vol .  19  No.  6  pp.  857-861 


*■*  V  | 

‘  o  I 


19  KEY  WORDS  I'Corttln ue  on  reverse  aide  tl  necessary  and  Identity  by  block  number) 


Endotoxin,  plasma  irradiation,  3LL  carcinoma 


20.  ABSTRACT  ( Continue  on  reverse  aide  It  neceaamry  and  Identity  by  block  number) 


DO  1  JAN  73  1473  EOl  Tl  ON  OF  1  NOV  65  IS  OBSOLETE 

>  N  0102*  1_F.  0  1  4-  -901 


UNCLASSIFIED 


SECURITY  CL  4SSlP|CArtON  *M|S  PAGE  /When  Bate  Srt’etadi 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  of  This  PAGE  tWhm  Data  Entarat l) 


We  tested  the  hypothesis  that  citrated  plasma  from  normal  or  irradiated 
mice  and  from  normal  rabbits  can  protect  mice  against  endotoxin-induced 
lethality.  In  contrast  to  saline-endotoxin  mixtures,  challenge  i.p.  with  0.3  me 
of  Salmonel la  typhi  endotoxin  mixed  with  1  ml  of  plasma  from  either  normal  or 
irradiated  donors  was  not  lethal  for  B6CBF1  mice  irradiated  7  days  previously 
with  1000  rads  [bUCo].  In  other  experiments  unirradiated  mice  were  simul¬ 
taneously  inoculated  i.p.  with  0.8  mg  of  endotoxin  and  1  ml  of  saline  or 
normal  rabbit  plasma.  This  plasma  also  protected  recipient  animals  challenged 
with  endotoxin.  Furthermore,  rabbit  plasma  protected  C57BL/6  mice  whose  sensi¬ 
tivity  to  0.3  mg  of  endotoxin  was  enhanced  due  to  implantation  of  the  animals 
with  a  3LL  carcinoma  3  days  previously.  The  evidence  thus  obtained  confirms 
the  hypothesis  that  plasma  interferes  with  the  lethal  effects  of  the  endotoxin. 


i 


i  N  0  10:-  l.r-  014-4601 


UNCLASSIFIED 


I 


/e»:t..»l  \,»|  |*»  6  pp  V»I.  1‘JS!  ,»W!  i)|Ut  •»  i 

Pniiic.1  in  i ii cal  HnUiii  i». 
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R.  I.  Wai  ker.1  K.  DeMarco.’  G.  D.  Fedney’  and  E.  D.  Exist2 
‘Naval  Medical  Rematch  Institute,  Beth-.-  -  ..  MD  2uui4.  L.S.A..  and 
■^Experimental  Hematology  Department, 

Armed  Forces  Radiobiology  Research  Institute,  Bethesda.  MD  20UI4.  I  S  A 


{Accepted  for  publinition  1  July  19HI) 


R.I.W  ALKER,  K.  DeM  aru),G.  D.  Ledne'j  and  E.  D.  E\\  \i.  Plasma  attenuation  of  endotoxin  toxicm 
in  irradiated  and  tumor-bearing  mice.  Toxicm  19,  S57  Mil.  19X1  We  te>ted  the  hypothesis  that 
citrated  plasma  from  normal  or  irradiated  mice  and  from  normal  rabbits  can  protect  mice  against 
endotoxin-induced  lethality.  In  contrast  to  saline  endotoxin  mixtures,  challenge  i.p  with  0.3  mg  of 
Salmonella  typhi  endotoxin  mixed  with  1  ml  of  plasma  from  either  normal  or  irradiated  donors  was 
not  lethal  for  B6CBF1  mice  irradiated  7  days  previously  with  1000  rads  [M’Co].  In  other  experiments 
unirradiated  mice  were  simultaneously  inoculated  i.p  with  OS  mg  of  endotoxin  and  I  ml  of  saline  or 
normal  rabbit  plasma.  This  plasma  also  protected  recipient  animals  challenged  with  endotoxin 
Furthermore,  rabbit  plasma  protected  C57BL  6  mice  whose  sensitivity  to  0.3  mg  of  endotoxin  was 
enhanced  due  to  implantation  of  the  animals  with  a  3LL  carcinoma  3  days  previously  The  evidence 
thus  obtained  confirms  the  hypothesis  that  plasma  interferes  w  ith  the  lethal  effects  of  the  endotoxin. 


INTRODUCTION 

T hf.  endotoxin  component  of  the  cell  walls  of  gram-negative  bacteria,  when  introduced  into 
a  susceptible  animal,  can  elicit  an  inflammatory  response  that  can  be  destructive,  but  may 
also  elicit  a  reaction  that  is  relatively  benign  and.  in  some  cases,  beneficial.  For  example,  the 
injection  of  small  amounts  of  endotoxin  can  increase  resistance  of  an  animal  to  a  variety  of 
micro-organisms  (Campbell  and  White.  1976:  Walker  et  al..  1976:  Tizard  and  Ringli- 
herg.  1975).  as  well  as  induce  regression  of  malignant  tissue  (Carswell  et  al.  1975)  and 
regeneration  of  damaged  liver  (Rossolint  et  al..  1976).  The  potential  therapeutic  benefits  of 
endotoxin  have  led  to  numerous  attempts  to  modify  the  structure  of  the  compound  so  that 
beneficial  effects  are  retained  and  detrimental  aspects  are  eliminated  (Prigal  et  al.  1973: 
Galley  et  al,  1975 ;  Snyder  et  al,  1978).  Recent  studies  of  the  host  response  to  challenges 
with  endotoxin  have  led  to  a  better  understanding  of  the  normal  process  of  endotoxin 
detoxification.  Plasma  components  can  modify  or  degrade  endotoxin  with  reduction  of 
toxicity  (SKARNEsand  Rosen,  1971;  Fi  st  and  Foris.  1974 :  Johnson  et  al,  1977;  Ulevitch 
and  Johnston,  1978).  These  plasma-endotoxin  interactions  may  be  important  to  survival 
because  plasma  from  endotoxin-resistant  C3H/HeJ  mice  is  rich  in  detoxifying  substances 
(Slltzer  and  G(xedman.  1977).  Furthermore,  dogs  can  be  protected  against  death  from 
endotoxin  by  prior  administration  of  dog  plasma  containing  adequate  amounts  of  an 
unidentified  heat-labile  substance  (Walker  et  al.  1980a).  In  this  study  we  tested  the 
hypothesis  that  plasma  from  normal  mice  and  rabbits  can  be  used  to  attenuate  endotoxin  in 
vivo  in  mice  with  altered  resistance  to  the  toxin. 


S57 


R  1  WALKER.  K  DEMARCO.  G  I)  l  EDNE\  and  E  D  EXUM 


N5x 


MATERIALS  AND  METHODS 

-tMirmi/s 

(C57Bl  6  «•  CBA)  Kl  Cum  BR  (henceforth  designated  B6CBI  1 1  female  mice  and  C57BL  6  BR  female  mice  were 
obtained  from  Cumberland  View  harms,  Clinton.  f'N.  fhe>  were  housed  for  a  period  of  2  weeks  in  groups  of  15 
animals  in  a  quarantine  facilit)  until  a  random  sample  was  found  to  be  free  of  histologic  lesions  of  common  murine 
diseases  and  until  sterile  water  bottle  cultures  of  all  animals  were  free  of  Pseudomonas.  The  mice  were  1 7  19  weeks 
old  when  used  At  all  times,  the  mice  were  kept  on  a  6  a  m.  (light  l  to  6  p.m.  (dark  i  cycle  in  filter-covered  cages.  Wavne 
Lab-Blox  diet  was  provided  throughout  the  quarantine  and  experimental  time  periods  Chlorinated  1 12  ppm  >  water 
was  provided  after  the  quarantine  periods.  Adult  (3  4kgl  male  New  Zealand  white  rabbits  obtained  from  local 
suppliers  and  maintained  under  a  veterinarians  supervision  were  used  as  plasma  donors. 

RiJi/hitlOM 

Mice  were  placed  in  Plexiglas  rcstrainers  and  exposed  bi lateralis  to  1000  rads  whole  bodv  gamma  irradiation 
(45  rads  mini  with  opposing  ['"’Co  j  sources.  This  treatment  causes  death  in  100"  ,  of  the  animals  in  approximate)) 
14  da>s. 

Tunu  >r 

T  he  Lewis  Lung  (3L. Li  carcinoma  was  provided  b>  the  National  Cancer  Institute.  National  Institute*  of  Health. 
Bethesda.  MD.  in  its  86th  s.c.  passage  in  male  C57R1  6  mice.  The  tumor  cells  used  in  the  experiments  reported  here 
were  from  the  IN  11 3th  passage  maintained  in  male  C57BL  6  mire  at  this  institute.  The  methods  for  tumor  cell 
preparations  and  s.c.  injections  were  previous!)  described  (Lm\tx  et  ul.,  1981 1. 

Endotoxin 

Salmonella  typhi  Lipopolysaccharide  W  (Difco.  Detroit.  Mich.  >  was  used  for  all  experiment.  This  endotoxin  was 
suspended  in  stenie  physiologic  saline  to  a  concentration  of  1  mg  ml.  placed  into  10  ml  vials  and  stored  at  -20  C 
until  used 

Plasma 

Rabbits  and  mice  were  anesthetized  with  metofane  (methoxyflurane.  Pitman-Moore  Inc.).  Rabbit  blood  was 
drawn  from  the  heart  through  an  IS  gauge  hypodermic  needle  into  a  syringe  with  15",.  acid  citrate  dextrose 
solution.  Mouse  blood  was  collected  from  the  brachial  arterv  The  blood  was  centrifuged  at  1500g  for  10  mm  at 
room  temperature  to  obtain  clear  plasma,  which  was  then  stored  in  10  m)  vials  at  -  20  C  until  used.  Prior  to  use.  the 
plasma  was  thawed  at  room  temperature  and  recentrifuged  at  1500g  for  10 min  at  room  temperature  to  remove 
crvoprecipitates  Platelet-rich  plasma  was  obtained  by  centrifuging  whole  blood  at  1 50  g  for  10 min  at  room 
temperature  and  removing  the  supernatant  from  the  cell  pack. 


RESULTS 

Plasma  endotoxin  mixtures  in  irradiated  mice 

B6CBF1  mice  were  challenged  i.p.  with  a  freshly  prepared  mixture  of  0.3  ml  (0.3  mg)  of 
endotoxin  and  1  ml  of  saline  7  days  after  irradiation.  Eighty-five  percent  of  these  animals  died 
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Mortality 

Experiment 

Treatment* 

No.  of  mice 

in  48  hr 

i+ 

Saline 

34 

85 

Platelet-rich  plasma  from  normal  mice 

28 

:i 

Plasma  from  normal  mice 

45 

18 

Plasma  from  irradiated  mice 

20 

20 

i+ 

-+ 

Saline 

14 

64 

Plasma  from  normal  rabbit 

30 

20 

*  Endotoxin  and  saline  or  plasma  were  mixed  immediately  prior  to  i.p.  injection  in  Expt 
1,  but  injected  separately  in  Expt  2. 

♦  Mice  received  0.3  mg  Salmonella  typhi  endotoxin  7  days  after  1 000 rads  [M'Co] 
irradiation. 

J  Unirradiated  mice  received  0.8  mg  endotoxin 
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Each  group  contained  10  animals  which  were  observed  for  "2hr  afier  challenge  with  endotoxin 


within  48  hr  after  challenge  (Table  1 ).  This  mortality  was  reduced  significantly  when  platelet- 
rich  plasma  from  normal  mice  was  substituted  for  saline.  Comparable  protection  was  also 
achieved  with  cell-free  plasma  obtained  from  normal  or  irradiated  mice  |Tab)e  1 1. 

i  'sc  of  rabbit  plasma  to  protect  normal  mice 

Experiments  were  conducted  to  determine  if  plasma  from  rabbits,  a  more  convenient 
blood  donor,  could  be  substituted  for  mouse  plasma  for  further  studies  in  mice  (Table  1 1. 
Unirradiated  B6CBF1  mice  were  challenged  with  0.8  mg  of  endotoxin,  followed  immediately 
by  treatment  with  I  ml  of  saline  or  rabbit  plasma.  This  procedure  was  used  to  prevent 
differences  in  time  of  preincubation  of  endotoxin  and  plasma  prior  to  interaction  with  the 
host.  The  larger  amount  of  toxin  was  used  because  the  mice  had  not  been  irradiated.  With 
this  approach.  80",,  (24/30)  of  the  mice  treated  with  normal  rabbit  plasma  survived  the 
challenge  with  endotoxin,  as  compared  to  36"„(5  14)  of  the  mice  administered  saline  with  the 
endotoxin  challenge. 

Plasma  treatment  of  tumor  hearing  mice 

C57BL/6  mice  engrafted  with  tumor  cells  were  inoculated  with  saline  or  rabbit  plasma 
(1.3ml)  or  1ml  of  saline  or  plasma  and  0.3ml  (0.3mg)  of  endotoxin.  Mortality  was 
determined  over  a  48  hr  period.  These  challenges  were  administered  to  mice  on  days  3. 7  or  1 4 
after  transplantation  with  tumor  cells.  These  days  were  selected  because  previous  work 
(Walker  et  ai,  1980b)  demonstrated  that  increased  sensitivity  to  challenge  with  0.3  mg  of 
endotoxin,  for  some  unknown  reason,  occurred  at  days  3  and  14  after  transplantation,  but 
not  at  day  7.  Treatment  with  plasma  reduced  the  incidence  of  mortality,  as  compared  to  that 
noted  for  mice  injected  with  saline  and  endotoxin  at  3  days,  but  not  at  14  days  after 
transplantation  (Fig.  1).  Few  deaths  occurred  in  either  saline-  or  plasma-treated  mice 
challenged  with  endotoxin  at  7  days  after  tumor  engraftment. 

DISCUSSION 

Previously,  Das  et  al.  (1974)  showed  that  platelet-rich  plasma  protected  rats  against 
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ciuloloxin.  but  our  data  indicate  that  platelets  weie  not  necessary  for  the  protection  of  mice. 
The  nature  of  the  protective  factor) s)  active  in  our  study  is  unknown,  but  numerous  such 
factors  have  been  described  (Skarnis  and  Rost  v  1971  ;  Ft  si  and  Foris.  1974;  ITixikh 
and  Johnston.  1978).  Plasma  may  act  on  toxin  structure,  rather  than  host  physiology,  to 
increase  resistance.  This  concept  is  consistent  with  the  interspecies  plasma  protection 
observed.  It  is  also  noteworthy  that  both  plasma  and  ZnC'l ,  retard  hepatosplenic  uptake  of 
endotoxin  injected  into  the  peritoneal  cavity  (Wai  ki  rc;  til..  1978 1.  but  only  plasma  protects 
irradiated  mice  from  endotoxin-induced  lethality. 

Plasma  protection  of  animals  made  sensitive  to  endotoxin  in  two  different  ways 
(radiation  and  tumor)  indicates  that  protection  is  probably  not  due  to  replacement  of  a 
factor  lost  in  the  sensitized  animal.  In  fact,  plasma  from  irradiated  mice  was  just  as  useful  as 
normal  plasma  in  reducing  mortality  in  recipient  animals  (Table  1 ). 

Plasma  treatment  did  not  reduce  mortality  following  endotoxin  treatment  at  14  days 
following  engraftment.  Since  this  treatment  protected  mice  sensitized  to  endotoxin  at  other 
time  intervals,  it  would  seem  likely  that  it  is  not  the  endotoxin  per  \e  that  was  responsible  for 
mortality  at  14  days.  It  has  been  reported  that  breakdown  products  of  malignant  tissue  have 
toxic  effects  on  the  host  (H  avas  ct  al..  1460). 

Atknowledaemenis  This  work  was  supported  m  pari  h>  the  Naval  Medical  Research  and  Development 
Command,  Research  Work  Uni;  No.  ZF  5 152401  .V 1030.  and  bv  ihe  Armed  Forces  Radiobiology  Research  Insiuuie. 
Defense  Nuclear  Agency.  Work  Unit.  MJ  00406  The  opinions  and  assertions  contained  herein  are  Ihe  privale  ones 
of  the  authors  and  are  not  to  be  construed  as  official  or  reflecting  the  views  of  the  Navy  Department,  the  naval  service 
at  large  or  the  Defense  Nuclear  Agency.  The  experiments  conducted  herein  were  conducted  according  to  the 
principles  set  forth  m  the  "( iuide  tor  the  Care  and  Use  ot  Laboratorv  Animals".  Institutes  of  1  aboratorv  Resources. 
National  Research  Council.  DHEW.  Pub  No  |NlHl  78-23. 


REFERENCES 

C  vvmui  1 1.  J.  B.  and  Whiff,  S.  (.,  (1976)  A  comparison  of  the  prophy tactic  and  therapeutic  effects  of  poly  ]  (  and 
endotoxin  in  mice  infected  with  Mengo  virus.  Cun.  J  Microbiol.  22.  1595 
Carsvvh  i.  E.  A..  Oin,  L.  J..  K  as.sh  .  R  L.. Grits.  S..  Fk irk.  N.  and  Wii  li  avisos.  B.  (19751  An  endotoxin-induced 
serum  factor  that  causes  necrosis  of  tumors.  Prut  ,  mint  Acad.  Sri.  U.S..4  72,  3666 
Dvs,  J..  Schw  artz,  A  A  and  Foi  kvias.  I.  (19741  Clearance  of  endotoxin  by  platelets;  Role  in  increasing  the 
accuracy  of  the  limulus  gelatin  test  and  in  combatting  experimental  endotoxemia.  Surgery  74.  235 
Ft  s  r.  G.  and  F<  iris.  C.  ( 1974 1  Role  of  complement  system  in  the  endotoxicity  -enhancing  and  endotoxin -detoxify  mg 
efTect  of  serum.  Metl.  Microbiol,  tmmun.  (59,  141 

G  All  n.  C  B„  W  \i  KIR.  R  I..  Li  ost  y.  G.  D.  and  G  avihrii  i  .  M.  (19751  Evaluation  of  biological  activity  of 
attenuated  endotoxin  in  mice  Exp.  liemotol.  3.  197 

Havas  H.F.,  Dtissui  l.AJ  and  Li  v  l\l.  S  I.  (1960)  Mixed  bacterial  toxins  in  the  treatment  of  tumors  III  Effect  of 
tumor  removal  on  the  toxicity  and  mortality  rates  in  mice.  Cancer  Res.  20.  393. 

Johnson,  K.  J.,  W  aro,  P.  A.,Gorai  nick.  S.  and  Oshorn,  M.  J.  (19771  Isolation  from  human  serum  of  an  inactivator 
of  bacterial  lipopolysaccharide.  Am.  J  Path  88.  559 

Lidnfy.G.  D..  Moniot.  J  V.,  Stfwart.  D.  A  .  Gambrii  i  -Shatskv.  M.  R  .  Gri  bus  G.  F..  M.a<  Vittik  T  J.  and 
Ext  m.  E.  D  (1981).  Colony-forming  cells  from  mice  engrafted  with  Lewis  Lung  ( 3 L L )  carcinoma  cells  In 
Experimental  Hematology  Today,  mi. p.  215  (Bai  m.  S  J.  and  Lfdsiv.G  D..  Eds.).  New  York :  Springer-Verlag 
Prioau  S.  J..  Hfria  A.  and  Gfrstfin,  J.  (19731  The  detoxification  of  lipopolvsacchandes  derived  from  bacterial 
endotoxins  by  ferric  chloride.  J.  reticuloemloth.  Sot  .  14.  250. 

Rossoi.ini,  A..  Cti.l.Ksi,  C.  and  Barbfri,  A.  (19761  Effects  of  E  coli  O  127  endotoxin  on  regenerating  ral  liver.  Bui 
Istituto  Sieroterupico  Milanese  54,  487. 

Skarnfn  R  C.  and  Rosfn,  F  S.  (1971 )  Host-dependent  detoxification  of  bacterial  endotoxin.  In :  Microbial  Toxins 
V.  Bacteria  Endotoxins,  p  151  (Kadis  S..  Wfinrai  m.  G.  and  Atu  S.  J..  Eds  ).  New  York  .  Academic  Press 
Snydfr,  S.  L..  Wai.kfr.  R.  I.,  MacVittif.  T.  J.  and  Sum.  J  M.  ((9781  Biologic  properties  of  bacterial 
lipopolysaccharides  treated  with  chromium  chloride  Can.  J.  Microbiol.  24,  495 
Si  i  i/ir.  B  M  and  Goodman,  G  W  (19771  Characteristics  of  endotoxin-resistant  low-responder  mice  In 
M icrobiolotiy — / 977,  p.  304  (Sr  hfssinc.fr,  D„  Ed.l.  Washington.  DC  :  American  Society  for  Microbiology 


Plasma  Proieclion  against  Endotoxin 


S6I 


Ti/mu>.I-  R.  and  Risen  i  hi  ruC  P.  (1975 )  The  effect  of  bacterial  adjuvants  on  Trypanosoma  legist  infections  in  rats. 
Folia  parasitol.  22,  323. 

Ut  i  \  iic'H,  R  I.  and  Johnston.  A  R  ( 1978  >  The  moditication  of  biophysical  and  endotoxic  properties  of  bacterial 
lipo polysaccharides  by  serum.  J.  Clin.  Invest.  62,  1313. 

W  ai  M  R.  R  1  .  Moon,  R  J,  Aim,  P.  F  and  Lioniv.  G  D  (1976)  Bactericidal  activity  in  conventional  or 
decontaminated  mice  undergoing  GV HD  or  radiation-induced  injury,  Experientia  15,  1527. 

Wai  KIR.  R  I..  Snm)Tr,  S.  L.,  Sow x  inski,  P.  /  ,  M(<’aK1HV.  K  l  and  Ec.an.  J  H.  (1978)  Possible  association  of 
granulocyte  mobilization  to  the  peritoneal  cavitv  with  ZnCI  .-induced  protection  against  endotoxin  (  an  J 
Microbiol.  24,  834. 

Wai  ki  r.  R  1 .  Frfn<  h,  J.  E.,  Wai  ni  N.  D  A.,  M  a(  Vn  iikT.  J..  Parki  r.G  A  .  Sorih  inski.  P  I.  and  Appi  i  bai  m.  F 
R.  (1980a  l  Protection  of  dogs  from  lethal  consequences  of  endotoxemia  w  ith  plasma  or  leukivyte  transfusions. 

Shock  Res  4,  89 

Wai  MR.  R  I.,  Lu>\n.G  D.  Emm.  E.  D.  Porv  a/njk.  M.  and  Mikkii  I.  B  R  (1980b)  Responses  to  endotoxin  of 
mice  bearing  the  Lewis  lung  (3LL)  carcinoma.  Toxinm  18,  573. 


